Thus, deprivation of fatty acids (FA) in vivo (1) diminishes GSIS whereas a short-term exposure to FFA enhances it (1-3). In contrast, a sustained provision of FA, particularly in the presence of high glucose in vitro, is detrimental to β-cells in that it reduces insulin gene expression (4) and secretion (5), and induces β-cell apoptosis (6). The FA supply to the β-cells can be from exogenous sources, such as plasma FFAs and lipoproteins, or endogenous sources such as intracellular triglyceride (TG) stores. Studies from our laboratory (7-10) and others (11, 12) support the concept that the hydrolysis of endogenous TG plays an important role in fuel-induced insulin secretion since TG depletion with leptin (13) or inhibition of TG lipolysis by lipase inhibitors such as 3,5-dimethylpyrazole (7) or orlistat (11, 12) markedly curtail GSIS in rat islets. Furthermore, mice with β-cell specific knockout of hormonesensitive lipase (HSL), which hydrolyzes both TG and diacylglycerol (DAG), show defective first phase GSIS in vivo and in vitro (14).
Free fatty acids (FFA) and other lipid molecules are important for proper glucosestimulated insulin secretion (GSIS) by β-cells.
Thus, deprivation of fatty acids (FA) in vivo (1) diminishes GSIS whereas a short-term exposure to FFA enhances it (1) (2) (3) . In contrast, a sustained provision of FA, particularly in the presence of high glucose in vitro, is detrimental to β-cells in that it reduces insulin gene expression (4) and secretion (5) , and induces β-cell apoptosis (6) . The FA supply to the β-cells can be from exogenous sources, such as plasma FFAs and lipoproteins, or endogenous sources such as intracellular triglyceride (TG) stores. Studies from our laboratory (7) (8) (9) (10) and others (11, 12) support the concept that the hydrolysis of endogenous TG plays an important role in fuel-induced insulin secretion since TG depletion with leptin (13) or inhibition of TG lipolysis by lipase inhibitors such as 3,5-dimethylpyrazole (7) or orlistat (11, 12) markedly curtail GSIS in rat islets. Furthermore, mice with β-cell specific knockout of hormonesensitive lipase (HSL), which hydrolyzes both TG and diacylglycerol (DAG), show defective first phase GSIS in vivo and in vitro (14) .
Lipolysis is an integral part of an essential metabolic pathway, the TG/FFA cycle, in which FFA esterification onto a glycerol backbone leading to the synthesis of TG is followed by its hydrolysis with the release of the FFA that can then be re-esterified. Intracellular TG/FFA cycling is known to occur in adipose tissue of rats and humans (15, 16) and also in liver and skeletal muscle (17). It is generally described as a "futile cycle" as it leads to the net hydrolysis of ATP with the generation of heat (18). However, several studies have shown that this cycle has important functions in the cell. For instance, in brown adipose tissue, it contributes to overall thermogenesis (17, 19) . In islets from the normoglycemic, hyperinsulinemic, obese Zucker fatty rat, increased GSIS is associated with increased glucose-stimulated lipolysis and FA esterification, indicating enhanced TG/FFA cycling (10) . Stimulation of lipolysis by glucose has also been observed in isolated islets from normal rats (12) and HSL -/-mice (8) indicating the presence of glucose-responsive TG/FFA cycling in pancreatic β-cells.
The identity of the key lipases involved in the TG/FFA cycle in pancreatic islets is uncertain.
HSL is expressed in islets (20), is up-regulated by long-term treatment with elevated glucose (21),
and it is associated with insulin secretory granules (22). In addition, our earlier results suggested that elevated HSL expression correlates with augmented TG/FFA cycling in islets of Zucker fatty rats (10) . However, it appears that other lipases may contribute to lipolysis and the regulation of GSIS in islet tissue. Thus, results from studies using HSL -/-mice showed unaltered GSIS (8, 23) , except in fasted male mice (8, 9) in which lipolysis was decreased but not abolished.
Furthermore, HSL -/-mice show residual TG lipase activity (8) indicating the presence of other TG lipases.
All three enzymes contain a patatin-like domain with broad lipid acyl-hydrolase activity. However, it is not known if adiponutrin and GS2 are actually TG hydrolases. An additional lipase, TG hydrolase or carboxylesterase-3, has been identified in rat adipose tissue (28, 29) . While the hydrolysis of TG is catalyzed by all these lipases, HSL can hydrolyze both TG and DAG, the latter being a better substrate (30).
In the present study, we observed that besides HSL, ATGL (31), adiponutrin and GS2
are expressed in rat islets and β-INS832/13 cells, with ATGL being the most abundant. We then focused on the role of ATGL in fuel-stimulated insulin secretion in two models: INS832/13 β-cells in which ATGL expression was reduced by RNAiknockdown (ATGL-KD), and ATGL -/-mice.
EXPERIMENTAL PROCEDURES
Cell culture -Rat insulinoma INS832/13 cells (32)
(passages 54-63) were cultured at 11.1 mM glucose in RPMI 1640 medium supplemented with 10% (w/v) FBS, 10 mM HEPES, 2 mM glutamine, 1 mM sodium pyruvate and 50 µM β-mercaptoethanol (complete RPMI) at 37°C in a humidified atmosphere (5% CO 2 , 95% air). Cells were seeded at 4x10 6 cells two days before transfection to reach a 60-70% confluence at the day of transfection.
Animals -10-week-old overnight fasted male ATGL -/-mice (33) backcrossed to the C57BL/6 strain for more than 9 generations were used.
Control mice used in this study were C57BL/6
wild-type littermates. The mice are not from the /6J background and therefore do not harbor a into complex lipids as previously described (10).
For FA oxidation, after 2h, incubation media was transferred into Eppendorf tubes for separation of 3 H 2 O from labelled fatty acids as previously described (41). from 37-96h (Fig 2A) . For subsequent experiments, the effects of shATGL were studied 96h post transfection. At this time, there was a 40% decrease in cellular ATGL protein ( Fig 2B) and a 30% reduction in total TGL activity ( Fig 2C) .
RESULTS

ATGL is expressed in rat islets
It should be noted that ATGL is not the only TG to mock-or scrATGL-transfected cells (Fig 5B) .
Thus, the activity of the "amplification" arm of (Fig 7B) . However, islet insulin content corrected for protein content per islet was similar in both islet groups (Fig 7D) .
Metabolic correlates in ATGL -/-islets -As observed in shATGL-KD cells, the deletion of ATGL led to a 2.6 fold increase in the islet TG content of ATGL -/-mice (Fig 8A) . Similar to shATGL-KD cells, lack of ATGL did not alter islet lipolysis when expressed per mg protein ( Fig   8B) . However, when normalized for TG content, lipolysis was reduced by 50% in ATGL -/-islets (Fig. 8C) . There was no change in HSL transcript expression in islets from ATGL -/-mice (data not shown). Islets from ATGL -/-mice showed a 55% significant increase in FA esterification into TG at 16.7 mM glucose compared to ATGL +/+ islets ( Fig   8D) . In contrast, FA esterification into DAG ( Fig   8E) and PL ( Fig 8F) were not significantly different in islets from both genotypes.
FA oxidation (Fig 8G) , glucose utilization ( Fig 8H) and glucose oxidation ( Fig 8I) Zimmermann, R., Strauss, J. G., Haemmerle, G., Schoiswohl, G., Birner-Gruenberger, R., Riederer, M., Lass, A., Neuberger, G., Eisenhaber, F., Hermetter, A., and Zechner, R. Haemmerle, G., Lass, A., Zimmermann, R., Gorkiewicz, G., Meyer, C., Rozman, J., Heldmaier, G., Maier, R., Theussl, C., Eder, S., Kratky, D., Wagner, E. shows the differences in insulin release between 1 and 10 mM glucose from data shown in panel B.
Means ± SE of 9-15 separate determinations from 3 to 5 independent experiments. *p<0.05, ***p<0.001
vs. scrambled ATGL for the same incubation condition; one way-ANOVA, Bonferroni post-hoc test. 
